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METHOD OF REPROGRAMMING MEMORIES 
IN FIELD DEVICES OVER A MULTIDROP NETWORK 
BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 

The present invention relates to the method of programming field devices, and 
more particularly to the reprogramming of field devices associated with a multidrop 
network of intelligent devices as utilized in the field of industrial control. 

2. BACKGROUND ART 

In the past, it has been exceedmgly difficult to reprogram memories associated 
with field devices as utilized in areas of industrial control. Among several solutions that 
have been utilized in the past, include the provision of a separate interface to the field 
device to be controlled, such as a serial port or similar access arrangement for 
downloading information. Such reprogramming typically takes place by removing the 
control device fi-om the line. This solution firequently is inadequate inasmuch as it may 
require the operator to go to the field device m order to connect a downloading device, 
such as a personal computer. Obviously, this is very inconvenient and time consuming 
and subsequently the most expensive way of achieving the necessary reprogramming of 
a field device. Because of the location of many field devices, such technique is often 
impossible to utilize. Because of the nature of the remote devices, their location may be 
such that they are enclosed in housings outdoors which need to be opened to access the 
download connection. Such arrangements typically are undesirable because adverse 
weather conditions can wreak havoc with the delicate electronics utilized in such control 
devices. 

It is also possible in some situations that the amount of current drawn while 
allowing fixll communication processing to take place during the time of the download 
would require substantial additional current handling capability resulting in substantial 
additional cost. To provide such current effectiveness would be a most expensive 
solution and place the device at a competitive disadvantage in the marketplace since 
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comparable devices that do not include an online code download feature might be 
drawing less current. Accordingly, this download feature is not a requirement in the 
present invention. 

Accordingly, it is the object of the present invention to permit the design of 
5 hardware flexible enough to permit current swapping, that is, to utilize the available 
current for normal operations, or instead, the same amount of current becomes available 
over the bus network to be utilized for reprogramming, instead of for process operation. 
Additionally, the use of the conmnmication and power bus as a technique for the 
technology is different than has been utilized previously in the field of industrial control 
10 devices. Other features include software to control the processor speed depending on 
the functions being performed, thus resulting in the lower current requirements. Finally, 
it is yet another feature of the present invention to program memory of a low power 
field device while communicating online. 

15 SUMMARY OF THE INVENTION 

The present invention achieves the above objects and features by defining a 
method of operating a bus networking technology that defines a protocol for a 
multidrop, i.e., a single two-wire pair, network of intelligent devices for various 
industrial uses including process control. These devices can be categorized broadly as 

20 field devices and host devices. The field devices directly interface to the process being 
controlled, such as sensors or actuators. Examples of this type of control would be the 
use of pressure transmitters, temperature transmitters, valve controllers, etc. The control 
memory technology utilized in the field device stores the software for process control. 
Programming such devices requires a relatively significant amount of power. 

25 Accordingly, such devices are designed to derive a fixed amount of current from the 
network to which it is connected and therefore may not be permitted to draw more 
power during the programming cycle. Thus, the present invention maximizes the 
device's use of current draw during normal mode operation, that is the control operation, 
as opposed to the programming of the memory operation, while allowing the software to 
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run only basic network communications during a download or reprogramming mode 
and thus maintain a constant power draw from the network. Accordingly, under the 
technique described for the present invention, should new software need to be 
downloaded to a field device, an operator would utilize a host device as the control 

5 device which has a greater capability than the field device. An operator than manually 
initiates a sequence of steps which will include sending a command to the field device 
that a download is about to begin. 

In response to such download input signal received from the host device, the 
field device which does not have its own power source and draws only power from the 

10 network, would place itself in the proper state for downloading its current application 
and reprogramming of its memory. Such arrangements by the field device include 
stopping the normal data processing of the device, halting any other device components 
that are not critical to the download operation so that such components draw only a 
minimum of the power. This is followed by reduction of the operating frequency of the 

15 microprocessor that is operating commimication software and providing an indication to 
the host device that download may begin. After such steps have taken place, the field 
device has extra power available for when the memory is erased or reprogrammed by 
the host device. 

At this time, the host device will transmit a new device application over the 
20 network. As each segment of the new application is received, the field device will store 
them in an area of its memory reserved for new applications or new programs. At some 
time, the field device may find it necessary to erase its memory before programming. 
This can be done during either of the steps described above, that is, the placing in the 
proper state to receive memory, or after being placed in the receive mode and extra 
25 power has become available in response to the host device transmitting the new 
application over the network. 

After the application information has been received, the device will then return 
either a positive or negative response to the download received from the host device. If 
the response is positive, it will complete the download procedure by switching to the 



wo 99/22489 



-4- 



PCT/US98/21156 



new application and then operating the associated control device based on the new 
information received. 

BRIEF DESCRIPTION OF THE DRAWING 

5 The present invention will be described in detail with reference to the 

accompanying drawing wherein: 

FIG. 1 is a block diagram of an industrial control network, including a host 
device and a number of field devices which in turn are utilized to provide control of 
various industrial equipment. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1, a multidrop, i.e., a single two-wire pair, network of 
intelligent devices for various industrial control uses, such as process control, is shown. 
The multidrop network 100 is shown as being connected to a host device 200. It should 

15 be understood that there may be more than one host device connected to the network. 
Host devices are typically configured as digital control system stations, and are usually 
attended by an operator or attendant. As shown, associated with host device 200 is a 
power source 210 which provides power to the host device 200 and also provides power 
via network 100 to the field devices v^ch do not include a local power source. These 

20 would be field devices such as 400 and 500. 

The field devices 300, 400 and 500 each have associated with them a process 
such as 350, 450 and 550, respectively. The form of the process is not necessary to be 
understood for the present invention, it only being required that control be provided by 
the associated field device, 

25 Field device 300, for example, has associated with it a local power source 310, 

while field devices, as mentioned previously, 400 and 500 draw their power from power 
source 210 or similar one associated with a field device via the network 100. 

Field device 500 includes a memory having an upper memory 520 and a lower 
memory 530. Typically speaking, such memory consisting of upper and lower half, 
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each of 256 kilobytes, with a total memory size of approximately 512 kilobytes. Size is 
roughly double the size of a reasonably large application that might be expected for 
process control in a typical industrial control operation. The upper memory 520 is 
utilized to accept new application information during download operations. The lower 
memory 530 contains the normal, or cunently running application. The design of field 
devices, such as 400 and 500, is such that current draw of the non-memory components 
can be reduced during downloading so that the memory will be able to draw the extra 
current it needs during the erase and programming cycles during any download from a 
host device such as 200. 

It should be understood that the method that constitutes the heart of the present 
invention, which involves the method for reprogramming field devices, such as 400 and 
500, by host device, such as 200, includes the following steps where initially a 
command is sent by the host device 200 to a field device, such as 500, indicating 
download is about to begin. 

It should be imderstood that the details of the hardware and software of the 
present system do not form a part of the present invention, it only being required that 
they perform the functions as will be described herein to effect the process for 
reprogramming as taught in the present invention. 

In response to receipt of the command that a download is about to begin from 
the host device 200 by a field device 500, the field device will place itself in the proper 
state for downloading an application and reprogramming of its memory. The sequence 
of operations includes terminating the normal data processing of the device back to a 
host device via bus 100. This is followed by halting the operation of other components 
that are not critical to a download operation, so that such components will draw only a 
minimum amount of power. At this time, the operating frequency of a microprocessor 
510 included within field device 500 is reduced to operate the communications 
software. After these operations have been completed, an indication of them will be 
transmitted to the host device 200 via network 100 that field device 500 is ready to 
accept a download of information. 
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As the result of the foregoing steps, it is understood that the field device 500 
now has extra power available via network 100. Extra power being available for erasmg 
or programming of its intemEd memory. 

Host device 200 now transmits a new device application over network 100 to 
field device 500. Field device 500 operates as segments of the new application are 
received to store them in an area of its memory 520 reserved for new applications. At 
some point, either before or after the receipt of the above-outlined step, the memory 
may have to be erased to provide adequate space for storage of the new program. 

After the new application information has been received from host device 200 
by field device 500 and stored in its memory 530, the device returns either a positive or 
negative response to the download. If the response is positive, and the information has 
been properly assimilated into the memory, it will complete the download procedure by 
switching to the new application and controlling its associated process 550 in 
accordance with the received information and is restarted at that particular time. 

While but a single application of the present invention has been shown, it v/ill be 
obvious to those skilled in the art that numerous modifications can be made without 
departing from the present invention, which shall be limited only by the scope of the 
claims appended hereto. 
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WHAT IS CLAIMED IS : 

1 . The method of downloading application information from a host device 
to a field device over a network providing communication and power to said field 
device, the method comprising the steps of: 

the host device transmitting a conunand to the field device via said network that 
a download is about to begin; 

said field device operated to place itself in a state to receive the downloaded 
information, in response to said command, and 

preparing an included memory for reprogramming. 

2. The method as claimed in claim 1 wherein: 

said operation of said field device to receive the downloading of an appUcation 
and reprogramming of said memory further includes the step of stopping the normal 
data processing of a connected control device. 

3. The method as claimed in claim 1 wherein: 

there is further included the step of halting operation of device components not 
critical to the download operation whereby said components draw a minimum of power. 

4. The method as claimed in claim 1 wherein: 

there is further included the additional step of reducing the operating fi-equency 
of a microprocessor included in said field device. 

5. The method as claimed in claim 1 wherein: 

said field device includes the additional step of indicating to said host device that 
download may begin. 
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6. The method of downloading application information from a host device 
to a field device over a network providing communication and power to said field 
device wherein said field device has indicated to said host device that the down load 
may begin, the method comprising the steps of: 

5 s£ud host device transmitting a new device application over said network; 

said field device operated as segments of new application are received to store 
said segments in said included memory. 

7. The method as claimed in claim 6 wherein: 

10 said field device includes the additional step of erasing the memory in said field 

device before receipt of said new device application firom said host device over said 
network. 

8. The method as claimed in claim 6 wherein: 

15 said field device includes the additional step of erasing the memory in said field 

device after receipt of said new device application fi'om said host device over said 
network. 

9. The method as claimed in claim 6 wherein: 

20 said field device further mcludes the step of responding to said host device in 

response to receipt of said download, 

1 0. The method as claimed in claim 6 wherein: 

said field device further includes the step of operating said field device in 
25 response to said download procedure by switching to the new application whereby said 
associated process is restarted. 



